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Background: During its explora-
tion within Gusev crater between sol
01 and sol 158, the Spirit rover dug
three trenches (Fig. 1) to expose the
subsurface regolith [1, 2, 9]. Laguna
trench (~ 6 cm deep, ~203 m from
the rim of Bonneville crater) was
dug in Laguna Hollow at the bound-
ary of the impact ejecta from Bon-
neville crater and the surrounding
plains. The Big Hole trench (~ 6-7 cm deep) and The
Boroughs trench (~ 11 cm deep) were dug in the plains
between the Bonneville crater and the Columbia Hills
(~556 m and ~1698 m from the rim of Bonneville cra-
ter respectively). The top, wall and floor regolith of the
three trenches were investigated using the entire set of
Athena scientific instruments [10].

Laguna Trench: Both the MiniTES and Mdssbauer
spectra indicate basaltic mineralogy at the top and
within the trench [6,7], consistent with the composi-
tional chemistry obtained by APXS [5]. Compositional
data further show that the wall and floor regolith are
indistinguishable from that of typical Gusev disturbed
soils measured in rover wheel tracks (<1 cm depth).
Vis-NIR spectra obtained using the multi-filter Pan-
cam images [3] indicate a very thin, highly oxidized
layer (<1 mm) of surface dust, an observation con-
firmed by Fe*'/Few values from Mossbauer data
(0.30 for surface and 0.22-0.23 for subsurface). The
higher oxidation state of the surface dust corresponds
to a high proportion of nano-
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thermal inertia, away from fresh
impact craters and from dust-
filled hollows, purposely to seek
mature regolith, which may
hold a record of ancient aqueous
interactions at Gusev.

Although both MiniTES and
Maossbauer spectra suggest gen-
erally basaltic mineralogy for

the subsurface regoliths within
these trenches, the mineral modes implied by Moss-
bauer data suggest a decrease of Fe?' e and
Fe™' yroxenc/glasss accompanied by an increase of Fe'", oy,
i.e., an overall higher oxidation state than the surface
material, unlike Laguna trench. The highest Fe* /Feq
values among Gusev soils (0.43 - 0.44) occur in the
floor regolith (~ 6-7 cm depth) of the Big Hole trench
and in the wall regolith (~ 4 cm depth) of The Bor-
oughs trench, with values for their surface materials in
the 0.26-0.27 range, and 0.37 at The Boroughs floor (~
11 cm depth).

The high oxidation state at depth within The Bor-
oughs trench is accompanied by significant increases
in the concentrations of S, Br, and Mg (only slight
increase in Cl). A positive linear correlation between
MgO and SO; and a negative linear correlation be-
tween ALO; and SO; (Fig. 2) indicate clearly the
deposition of Mg-sulfates in the subsurface regolith,
and the dilution of basaltic silicates by mixing with
evaporite components. The multi-filter Pancam images
show light-toned materials being dug
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roughly constant, but they differ
significantly in The Boroughs trench
and show extended concentration
ranges. The wall regolith at The
Boroughs has an Mg concentration
~25% higher than typical Gusev
soils and even slightly higher than
the average Gusev plains basaltic
rocks [5, 8], which suggests lateral
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transportation and accumulation by
processes involving either aqueous
fluids or impacts.

Four types of analysis were used
to estimate the general mineralogy
of the subsurface regolith. To a first approximation, by
subtracting a percentage of top regolith composition
from that of the wall regolith (richest in S) towards
zero concentration of Al,O;, we found that the compo-
sitional remainder has MgO+CaO ~ SO; (MgO/CaO
~7) in molar %, along with extra SiO, and Fe,0s3. To
further assess the mineralogy, we did a normative min-
eral modal analysis and a mass-balance mixing analy-
sis based on APXS-derived elemental compositions,
and using the results of Mdssbauer analyses to con-
strain the Fe-oxides. We also used the APXS Fe con-
centration, Méssbauer derived Fe?' e and Fog to
calculate the mass% of olivine. From all three analy-
ses, we obtained almost identical silicate mineral
modes for the top regolith at The Boroughs trench. The
MiniTES derived mineral abundance for olivine also
agrees with our analyses, which indicate basaltic min-
eralogy (Fig. 3).

Comparing the wall regolith at The Boroughs trench
with its top regolith, our analyses suggest no apprecia-
ble decreases in mass% Ca-feldspar and Ca-pyroxene,
and ~ 10% decrease in olivine within the salt-free ba-
saltic portion of the composition, indicating only mi-
nor alteration of the basaltic minerals. On the basis of
this result, the composition of the top regolith can be
used as a component in mass-balance mixing analysis
of the wall regolith to determine what additional min-
eral phases might exist (Fig. 4): these appear to be
sulfates (~16 wt%, ~13:2:1 for Mg-SO,4, Ca-SO, and
Fe-S0O,), silica (~5.4 wt%), and Fe-oxides (4.1 wt%).
The H,O of hydrated sulfates would account up to 4
wt% of wall regolith.

Discussions: Two hypotheses seem equally plausi-
ble for the formation of salty subsurface regolith at
The Boroughs and Big Hole: (1) the multiple infiltra-
tion of brines accompanied by low degrees of altera-
tion of local regolith components; and (2) the redistri-
bution of more concentrated salty materials that
formed at some distant location by impact.

The persistence of basaltic mineralogy with minor
olivine alteration suggests a relatively low degree of

at The Boroughs.

Fig. 3 Mineralogy of top regolith

Fig. 4 Additional minerals in the
wall regolith at The Boroughs

alteration of the rocks and regolith.
The fluid to rock ratios must have been low, thus only
portions of olivine dissolved. Mg ions were released
from olivine accompanied by the precipitation of silica
and the conversion of Fe’jyine to Fe*"-oxides. Mg ions
were transported by the fluids with volatile elements
and eventually deposited as Mg-sulfates in the regolith
of topographically low plains. No appreciable altera-
tion of clinopyroxene and plagioclase and the low ratio
of Mg/Ca in sulfates suggest either that a low degree
of alteration affected the general area at The Boroughs,
or that a higher degree alteration occurred at some
distance but Ca ions were deposited elsewhere.

The high concentrations and the variation of inte-
relement ratios among S, Cl, and Br indicate that the
compositions of the parent brines were not produced in
a single, simple process. Multiple episodes of fluid to
rock interactions, ion transportation, and repetitious
precipitation and evaporation would be favorable. A
lack of obvious crusty materials at the depth in the two
trenches, however, argues against the in situ infiltra-
tion hypothesis.

Highly concentrated salts and strongly altered basal-
tic regolith (with high Fe*'/Fe) formed at some dis-
tant location(s) could be brought by impact ejecta, to
be part of the mixture that is now The Boroughs sub-
surface regolith. In the highly altered basaltic materi-
als, olivine might be totally consumed, and Ca-
leaching from clinopyroxene and plagioclase might
also have occurred. It is very possible that these two
mechanisms both contributed to the formation of the
observed subsurface regolith at the two trench sites.
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